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Table 1 Gene-specific forward and reverse primer sequences 
for real-time PCR.
Target mRNA Primer Sequence
18S rRNA
5' 5'-GTAACCCGTTGAACCCCATT-3'
3' 5'-CCATCCAATCGGTAGTAGCG-3'
MCP-1
5' 5'-TCTGTGCCTGCTGCTCATAG-3'
3' 5'-TGGAATCCTGAACCCACTTC-3'
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Fig. 1 Inhibition of MCP-1 mRNA by DPP-4 inhibitor and acti- 
ve GLP-1.
 Compared with group C0, increase in the level of MCP-1
mRNA after TNF-  stimulation was significantly higher 
in group T0 p<0.05 . The observed upregulation was 
attenuated in group TD3 by treatment with the combina-
tion of 3 nM active GLP-1 and DPP-4 inhibitor compared 
with group T0 p<0.05 .
Fig. 2 Inhibition of MCP-1 protein in conditioned media by 
DPP-4 inhibitor and active GLP-1.
 Compared with group C0, the level of MCP-1 concentra-
tion in conditioned medium was greatly increased in 
group T0 by TNF-  stimulation p<0.05 . TNF-
induced increase in MCP-1 protein significantly attenu-
ated the level of MCP-1 concentration in group TD3 by 
treatment with the combination of 3 nM active GLP-1 and 
DPP-4 inhibitor p<0.05 .
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Fig. 3a The nuclear p50 protein level.
 Compared with group C0, the nuclear p50 protein level 
was significantly increased by TNF-  stimulation in 
group T0 by TNF-  stimulation p<0.05 . The 
observed increase of the nuclear p50 protein level in 
group T0 was not attenuated by treatment even with the 
combination of 3 nM active GLP-1 and DPP-4 inhibitor.
Fig. 3b The nuclear p65 protein level.
 Compared with group C0, the nuclear p65 protein level 
was significantly increased by TNF-  stimulation in 
group T0 by TNF-  stimulation p<0.05 . The 
observed increase of the nuclear p65 protein level in 
group T0 was not attenuated by treatment even with the 
combination of 3 nM active GLP-1 and DPP-4 inhibitor.
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Fig. 4 a,b Inhibition of the pI  protein level in cytoplasmic protein by DPP-4 inhibitor and active GLP-1.
 Compared with group C0, pI  expression in cytoplasmic protein was increased by TNF-  stimulation in group T0
p<0.05 . The increased pI  protein in group T0 was signi cantly attenuated by treatment with the combination of 
3 nM active GLP-1 and DPP-4 inhibitor p<0.05 .
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Incretin therapy may reduce MCP-1 expression in endothelial cells
Aili NULIGULI, Takashi TANA E, Takako OKUMURA, Kazushige KONNO, 
Tomohiro KOIKE, Kouji SANO, Ketchu YANAGI, Rokuro ITO, 
Takashi MIWA, Akira KANAZAWA, Masato ODAWARA
Division of Diabetes, Metabolism and Endocrinology, The Third Department of Internal Medicine, Tokyo Medical University
Abstract
ackground : Glucagon-like peptide-1 GLP-1 receptor agonists and dipeptidyl peptidase-4 DPP-4 inhibitors act 
not only on glucose-lowering effect, but also on vascular protective effects. Pro-in ammatory cytokines such as monocyte 
chemoattractant protein-1 MCP-1 and tumor necrosis factor- TNF- have been pointed out to be involved in the 
in ammation of vascular endothelial cells, and to contribute to the formation of atherosclerosis. GLP-1 receptor and DPP-4 
are expressed in endothelial cells. However, the direct molecular effects of active GLP-1 and DPP-4 inhibitor on the athero-
sclerotic lesion are still unknown. We investigated whether active GLP-1 and DPP-4 inhibitor attenuate TNF-  induced 
MCP-1 expression in human umbilical vein endothelial cells HUVECs .
  Methods : HUVECs were divided into 4 groups, control group group C , group D treated with 20 M of DPP-4 inhibi-
tor, group T treated with 10 ng/ml of TNF- , and group TD treated with 10 ng/ml of TNF-  and 20 M of DPP-4 inhibi-
tor. Each group was treated with active GLP-1 at concentration ranging from 0 nM, 0.3 nM and 3 nM. HUVECs and culture 
supernatant were collected to evaluate gene expression and protein production 3-hours after treatment with each agent.
  Results : MCP-1 mRNA was upregulated by TNF-  stimulation in group T p<0.05 . The observed upregulation was 
attenuated by treatment with a combination of 3 nM active GLP-1 and DPP-4 inhibitor p<0.05 . MCP-1 protein concentra-
tion in the culture supernatant in group T was signi cantly higher than that in group C p<0.05 . The observed increase was 
attenuated by treatment with the combination of 3nM active GLP-1 and DPP-4 inhibitor p<0.05 . Phosphorylated inhibitor 
kappa I expression in cytoplasmic protein in group T was more upregulated than that in group C p<0.05 . This 
upregulation of pI  protein in group T was signi cantly attenuated by treatment with the combination of 3 nM active GLP-1 
and DPP-4 inhibitor p<0.05 .
  Conclusions : We observed that active GLP-1 and DPP-4 inhibitor attenuated TNF-  induced MCP-1 expression in 
HUVECs. Active GLP-1 and DPP-4 inhibitor might inhibit the translocation of NF-  from cytoplasm to nucleus through 
reduction of pI .
Key words :  Human umbilical vein endothelial cell HUVEC , Monocyte chemoattractant protein-1 MCP-1 , Nuclear fac-
tor-kappa NF- , Glucagon-like peptide-1 GLP-1 , Dipeptidyl peptidase-4 DPP-4
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